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[0092] ^fc^ 5>iSc-^^— i^P^^^byy b^^ ( rN.J.Smith et al.^ Electronics Letters^ vol.32^ 

p.54. i996j^#M) o( £ )(D:t—^^—(Dm\^mm i^i^^^mm^Mf^^ir^^^m 

^m^^^^^m&i}fm^^^/^^x^^t?^f£^./h:^fj:0mmj}^^^^^mi^^ 
[0093] :$:mM(Dnm{^^n^mi^i^m^^^yh3a^^mir^mmm'&'^^</^ 

it. ^i^^ty]}h>^^m'^^—i^^>hyvh>tit. yw:^^m^:Jti:=^xj>.7i^^^m 
[0094] -rt^i^ib. :$:mm(Dnmi<i^if^mmm'M^^<^^^^i'i. miyt^m^^^^hsa^ 



wo 2005/091065 



21 



PCT/JP2005/004837 



[0096] [^2] 















0(e) 


CKe) 


sechM 






0(e) 


0(1) 


Gauss ^ 






0(1) 


0(1) 


Gauss ^ 





(Dmmim^h^<\^x\Kt^ mmmamKj&-5%. ^^i^^tyuhiyimj&vx^Ko 

^COX^i^}±M^:^^^b^^^M^l't. iflKiyyh>^J£li(rChernikov et al.. Electronics 
Letters, vol.29, p.l788, 1993j^#M)J|.^t^^J^?i"^o 

[0098] m4—m7K^ir^m^.m3K^\^xs =o(m^wo<Dt^Km'hMm^xh^ 

1 

1 

[0099] ^^X^Z., s = -0.05314. 0. 0.05314(DHM«9<Z)J^'^(^, A;'j3fe^VV^^P '-^^ 

1 0 

0 

0 

8. |l|9tC^i-o ---e. UBi-i. ^tl^fls = -0.05314, 0, 0.05314(Z) 

1 

[0100] El8fci^i-j;5f-xP <2.5(Dm^ia^.s KMir^i^^mtM.htits:^^-d^.P > 

0 1 0 

2.5<Dm^iat. s = 0.05314 (M^5>m)co^l;iffi^^;5S/jN$</^§o — UMl^ 
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1 

[0101] EllO^;l^-rJ;5^^^ P = 2tVfct^(D^ s (D±m^m^Mir^^j^ii^^:^nx\^^ 

0 1 

H^-e^i-s = -0.053 14(D»^;6SS^)-<^';^^/^;5S/J^$V\ El8(^^i-|^;^f^ 
1 

1 

2 0 2 

2 

2 

[0104] ^i5:3fe7r-r^^3ia-e{*#^?l^3!jm;0S/jN$<^^a-e^, Ma^mmo^;^^^^;:^ 

2 2 1 

0 

[0106] _h|S(DJ;5(-. ^l3fe'eiSS&^^5^h3a^'gi9!bfc^oW;03fe-^-?/v;^(^^?l^J;i^U 
^-?/v;^(*J^^^S4^^^bT^l3fefeigg&::^^5/h3a^<RrilI-Trt>^«9Mb-C^igBrt^ 
[0107] -;^.#:^(i5)<D^#:^m^^T5ftt>«9l;i|ll3l;i^i-5>t5:-^5^::/^-MSSfel-( 

[0108] ^m'^5/:/s( c )^LTIl|3^%x.. A;0-^Vv;^^u(t)^LTm^(ii) ^M»^T 

mm 
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[0109] rr-e. -JS»i^«^(;i?g?i^i|>i^5j£$i$tvfc3fe/W>^(D^s?i^^u' (t)ii-;5i:. u(t) 

mm 

[0110] -io^W (t);aWc^^^tSc-^5'^s' ( O^feiSi-^^^Ji . TfS;^e^t-J:«9^$ 

[mi9] 

[0111] #:^(i9)m^(i8)^f-tAi-§^. 

[^20] 

Va«(aO + ^ ^ VaM(c«) + a Va l«(crt)|* = 0 

[0112] rrT\ 

[^21] 

C = a^, T = at 

[^22] 

.du as'iS'/a)Si^u , 

[0113] ^^-C.'lHt-. as' W /a)=sU' )t'r^fj:h\'£. ^^(22)^. . v (DM 
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[0114] ^<7)5|^a5rM^EItbTEIl3l;i^i-o^^-e.n>=2. C =Oi!«t. C -C 

0 2n-l 2n 

= (C -C )/a = C / C -C =(C -C )/a=(C- 

-2 2n-3 2n-4 1 2n 2n-l 2n-2 2n-3 2 

[0115] msK^ir^m-^^y^^^^X. o < |s | « i « s c » C -C (^^-^ 

1 2 12 1 

1 2 

0 2n 

=(C -C )/a=C / C -C =(C ) / a^= 

—1 2n-2 2n-3 2n-4 1 2n 2n-l 2n-2 2n-3 

(c -c )/ a''"~'^-efe^o 

2 1 

[0116] ^^-C. s dS-p5>/Js$V>'|K(-^'l3^L<f*-en3e^^<Dfi[)(DJ^'^{*, s =s =s =-"^b 

1 1 12 13 

[0117] <3fe-^-^/V;^^?f^^30(Di^tf(Z)*#:F!|> 

[0118] ;2^^5g(;i*5{t§^&l;iS-^<Ktfl;i*5VN-C(*. #>!r;^^^-?7P<-^(;i*f«^#tt 

. mmmm^^Bmir^yt^<>'^:^<DmmmMm^v^:^^Mi^^^txh^o ^<Dmm 
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1 

mmM^'M^</^:^(Dm\^^^^xhmi2(Dx^KmtitM<Dmw^xh^fc^. 
[0119] (i)^^ra±(^:7T-r-^v^^^— ^^s^^o■rv^5»'^•r^ :^hicyt^</i^y^^j^m 

htixv^^m^:m^m-tic^n^i^m^^m'^^tix\^^cox\ M^it^m±(D 

mxi^ ^^</i^:^i^^mof^(Dmmwc^m'^ir^txMmmKmm(Dmmm « 
mrr^tvxhx\^\ 

[0120] (2)m^f^±.(D^T4-^<^<'7?i—^^^^-^<>X-^^^m^X\ ■^h\Z.Kt}^^<^^:^(D^ 
W^^'^ibhtlX\^^m^:4¥B^^^T-^^<30a^^Xfl^m^yT^^'^31a(DyT4 

^<^^:^\^<D^^nii:MK^^'nmx^^^t^^h. m.mt^m±xh. ^ti^ti 
(D^:^^ji:MKm^L-xx\\ ^^x\ m^mKmm^fc^^<Dyt^vi-:^^^m^htiti 

^<v—hmMm:m.m\L'^^}LX'm)X^^^ ^f\.h(Dmz.n\^xmm(r>m^^ « 
Kmmi-^4¥mmLmi^^hm^^K.^^m^^^r-(^<30a(Dyr-c^<^^:ij\^ 
(Dumt^^ z m,m<Dmm^mim-^^^^^w^:^r4^<3ia<Dyr4y<^^ 

1 
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2 1 

[0121] }^±(Dm<Dx^K.-^x.htifcn$YmmcMi.xm.mt^m±-r?i.^^^^^m^. 

121, 0l22\z.mM(DX^fj:^ii¥m^tf^^o 
[0122] ^-f . 3fe:7r-r/^(^^-^r7-^i^^%J;b;:^v^:^'a'^-ov^-cl^fcPJi-^o 

J^T. —mtL^X. P = 2. s = Oi:Ufci!#(D2pJSS5S^^W;??>(D^«g{;iS<5<^ 

0 1 

tf^#x.5o ^^-e. ?pjsws^^-^/v>^(D^fii[^ts^i.43ii9i:b. B.mma^±m 

[0123] ^-f . Bl3t^^i-^m-^5':/(-r^cCt5-^. mi3fe^W^^5/h3a) (iljoV^T. s = d 

1 1 

/v=0, s=d/v =15.8, C =vz = 1.2, C = vz+v (z -z ) = 1.21625^ 

1 222 1 11 2 11 221 

d = Ot-f-^o -^TbT. V = 24, V = l.S^i-^^, d = 20.54, z = 0.05, z = 

1 12 2 12 

0.0625^5^^^0 

[0124] 7j^lC^mWcmM^n^^<9^—^^.Z = a"[km], T = a" [ps], P = a""[W](^^ 

0 0 0 

iBlOft^z, ^ffi#t, MlfrSqf*, ll^ra^c:*3V^T-^tl.•?:'^^D[ps/nm/km] = 0.784 a"d 
, y [W~W] = V , Z [km] = a"z, T [ps] = a\, Q [w'^^] = a~^'^\(DX^lcmM 

[0125] M}-. ^m^^r'^^^3iaxi-i0m^m^^mmx^^tu^u ^mm^mt^ 
^'rK^r4^^M^:fj\^(DM^(D^^mt^^^:ijm^m\^xmi4K^ir^m-r 

^y^^mm) . i¥^\K.i-£. ^^mW.tyr4^^-^^:ff\^<D-^^t^, ^tl-^^tLD[ps/nm/km] 
= 0.784d, Z [km] = a ^"z^LTtj J;V \ 
[0126] r^-e, -KfC, n=OtirtH'£. D = 0[ps/nm/km], y = 24[W"'km"'], D = 

1 12 

16[ps/nm/km], y = 1.3[W"'km"'], Z = 0.05[km], Z = 0.0625[km]i!Jfe6o M. 

2 12 

*S-^b^r^-et°— i^/-^r7— ^52, •a;;^)^f(:i|is;5si.43ii9(D3fe^^/v>^{*, Utt^F^-et"— 
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^^^!7-2[w]. m^¥^^i:ll'sl.43ll9[ps]tv^5'^lt^#Oo ^(Dm^<D^mm&xf^m. 

^mmt. 4¥BJ^^yr4^^30a^ 30b. 30c(c:HNLF(^fcffiOps/nm/km. 
##:24W~'km~'). 5>t5c3fe>'T-l'^^31a. 31b. 31cj;iSMF(^t!(fii[16ps/nm/km. # 

[0127] n=ltirtlit. D = 0[ps/nm/km], y = 24[W~'km"'], D = 31.55[ps/nm/km 

1 12 

y = 1.3[W~^km~^], Z = 0.098589[km], Z = 0.1232362[km]i!J^ce^o ^l&'fb 

2 12 

1.0143EW], «;t^^fSl|'S2.822[ps]i!V^5^^^^^o„ /^5b\ 5>iSc^:7T^/^3ia-e 

{*5^t5:^;^;5S^ia6^-efe§^-r^^. D = 16[ps/nm/km]. Z = 0.147188[km]i:b-C 

2 2 

[0129] m^. n=i<Dm-^K-D\^x. M:i^mj:n$Ymt. mmmnmKm-^\^^xn<^fcm 

[0130] PMW^^^Vvj^fi, /^/^;^ctI>L^#3£^^ov^T^^;^^'>:^MM#c^^3£^J^^^€^§/5S/J^ 

^■?7V;^^LT. 1:°— i^x-?!7— ;5Si.0143[W], mt}^^Um:d^2.822[ps]X$^^^^—^:7]} 

[0131] ^MIW @<^f^«{^(i-^^t?^. ^13fe{sW^^5/h3a)(Z)^ti-}*. ±mP^mf)^h. 
D = 0[ps/nm/km], y = 24[W~'km~'], D = 16[ps/nm/km], y = 1.3[W~'km~'], Z 

112 2 1 

= 0.098589[km], Z = 0.147188[km]^LT^thi-§o 

2 

[0132] ^MS! g !^^(Dmm^ (i-^^*?-^. ^23fe^«^j?&^^5^h3b. 3cJ^|^) «tf 

[0133] ^<Dm^. J^m^atL-Xl^. _h|B#mbfcffili^a = 1.97178^fflV^;5<50;6W* 
bV^^5. W^tt^flfe}5^a6§fcfelC. ffifi^^a' = 1.8. 2.0. 2.2tL-XlimM^ 
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[0134] r^-e. mSK^ ±mB.m^a' (D^iW-K^"^. HNLF*. SMF*. m^^</1^:^(D 
[0135] [^3] 







a' = 1.8 


a' = 2.0 


a* = 2.2 




HNLF^[m] 


98.589 




a' = 1.8 tr^i C 




48.599 




1.413 




i.997 




HNLF:^[m] 


54.7717 


49.2945 


44.8132 


SMF*^[m] 


14.9997 


12.1497 


10.0411 




0.778 


0.720 


0.698 




1.816 


1.963 


2.024 




HNLFS;[m] 


30.4287 


24.6473 


20.3696 


SMFl^fm] 


4.62953 


3.03743 


2.07461 




0.459 


0.371 


0.351 




1.695 


1,941 


1.989 



0.35 ips t;i^-effli$ tiz-So 

[0138] mis— |g20l^^-r a ' = 2.0(D#'^(^«, %^VV7.(D^J^^ 
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[0139] ^^-e. Xti%^</\^:^K'^^—':^'7V—^'^-^T^^^</^^:^^m\^Xh. %W^<Dmts% 

[0140] M}^. TOSi^^^-^/v;^<^ft''il-lfl55>«^'>^^^-Y— ::^^l^ofca6. hnlf-^(DA 

[0141] Jfe*5, *3(c:^i-F*3^-e«. ^MS! n -^^mm n<Dm:b^^</^:^(Dm^^ipsJ;:y)/h 
[0142] 3fe:7T-r^^oy■?!7-^i^^#«L/c#^^;lov^T^Ki-§„ 

^^30aCD7r-f-^^;S:#;^|B]<^;S:$;S<t"^i^(^J:«9 (effective lengtht;!^'^, T 
G.P.Agrawal^ "Nonlineeir Fiber Optics'*^ Academic Press^ Srd.ed.^ p98^ 2001 J ^# 
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[0143] ±IBI^^tcov ^xmrni^m^-r^o ^<e*5. ^Wii^yr4^<it4¥j^Myt^r4 

. ^<u-m^^n:^^±xi-imuvxx\^\ 

[0144] . mi^^m^^^iyhSa. 3b. 3c#. nmco^i^m^^^yh:dm'^^rifc^ 
^</u:^)3^j^moKMl^X^^</u::^^mm^^^t. )±mm~i a''ttf:^o ^<Dm<7)0 

An 0 

[#:23] 

i^>-f-^fit^^§^-r§^. #:5^(8)^^^>a(z) = a (o)exp[- 6 z]^;:e«9. 
[^24] 

[0146] (24) m^m. 6 ^#l:bfc#'^(D^jE^z{*m*&^b^r^_hOlE^ c 

[^25] 

-44-1^) 

[0147] #^>;h.fc^^ (25) (D^KZ / a ""'^ft Ai-§^. nMSi S <Z)#^?1^3fe:7r^^^CO 

1 

n 

^^^#^?1^3fe:7T-r^^(D^^r^ ic^i1r^:7r4^<Mz (23) (25) t;i 

An 

[^26] 
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= ~^^^M ~ — — tU " "itKi 
[0148] Mf-. roD^(DA;^3fe^^/v;^(^^^°r7— ic:^i-;5ffl;^3fe^vv;^(^ ) 

An 

0 

[^27] 

a^v or - 1 \^ a" / 

[0149] ^^-effi^(D/cia6. a = a(0) = l^L-Ct). —m^\^^i^fl^i^'\ ^(^^^^^(25) 

0 

1 

An 

[0150] m^l^. ^m^^^r4y<30ei(D^r^^m^:^\^(D-8:^ C . J^mm a . MlSi^n 

1 

An 

^^mmhti^o MW^mtL-x^ ±m(D c = 1.2. « = 1.97. n = 3(d#^^#x.. 

1 

#^?f^3fe:77'/r/-^^bTHNLF( Y = 20W~'Km~\ L = 1.5dB/km) ^DSF (Dispersion 
Shifted Fiber) ( y = 2W~'Km"\ L = 0.2dB/km) V ^fc#'^<Z)|^;g:z i;ioV >T 

An 

[0151] (6) Rx^m^ (7) -em+&^b(;iffl V ^§^#:^z = 1 [km], p = 1 mtu Wc^ ( 

0 0 

25)^m\^X^tl^^tl(D^r'i^<(Dm-^z ^tfWir^t, HNLF(D:^-^(;i(*0. 12256 

An 

km, DSF(il.23443 kmXh'O. ^gx-?!7— (Df ij-^{i-^tl.-^^tl.0.95855 (= -1.5 
[dB/km] X 0.12256 [km] = -0.18384 [dB]) , 0.94474 (= -0.2 [dB/km] X 1.23443 

[km] = -0.246886 [dB])-e$>«9 (Wc^(26)^^hhnYW^W . hnlfo;^^sdsfJ;«9 
Jj^^r>SFX^h:k^\^^:dK ^fh}^±icmMz ^^-t^m.\^^tcibK. '^^mi^m^<'7— 

An 
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[0152] U±xy). 0mM^yr4y^(Dyr^y^M^:l7\^(DM^(Dmn\':BLXf^<'7-m^(Dm 

[0153] ^y</^:y^)^m(Dmmi^^ 

[0154] —^hfc<0CO}^mmali. (7/0. 36) '^^ = 2. l^^-^So 
[|ft4] 





^N/w^i|iS[ps] 






7 


0. 3 5 7 




3. 3 3 3 


0. 7 5 0 




1 . 5 8 7 


1 . 5 7 4 




0. 7 5 6 


3. 3 0 6 




0. 3 6 0 


6. 9 4 3 



[0155] m!^m)^co^</^^f^m^<D^xh^-^(Dmf^^^tnt. m^<DmfYhtifcib 

[0156] m3K7jkirm.^it^f^-tC0BT^^l^^^^X. s =-0. 0824. s =118. 17. Z 

12 1 

= 0. 25, C =0. 25213^U a =2. 1^ il°—^^<U—^^9. eXh^mMM^'B^^ 

2 
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[0157] M^B^-^r^y^ (HNLF) tiy>^/^^^—}'^yr^^^ (SMF) m^m±(Dy< 

[|ft5] 



-r 5 7 r 9 > — 





HNLF 


SMF 


^tJc^ [ps/mnykm] 


-0.3 


16,3 


^mmmm HAv/km] 


19.8 


1.3 


[dB/km] 


1.65 


0.2 



[0158] -^-rnm^^Mm^x^^^o 
me-] 





HNLFft[m] 


SMF ^ [ml 




339.6 


285.9 


— ^@ 


161.7 


64.8 




77.0 


14.7 


H^g 


36.7 


3.33 



[0160] ^^X\ m5lC7T:Vfcyr4^<m^t. HNLFtSMFCOmMm^^^^i^X, ^6(Dl^ 



wo 2005/091065 



34 



PCT/JP2005/004837 



[0161] yr4^m^Kx^^^<T7-(DmM^mmvx^ ^^xmm<D4¥mmL^->^hm^ 

o 

[|g7] 

a^(7T'1''<«5lci. HNLF i SMF ©gSBiitB 0.15dB)^^Jt Ufc»-g-cO 





HNLF :g[m] 


SMF;^[m] 




364.1 


285.9 




210.1 


64.8 




114.4 


14.7 




60.4 


3.33 



[0162] m6tm7(Dl^^titmir^t. HNLF;ft^5^^-e;ft<JfeoTV^;5r^;5Stp;5^§o 

[0163] ^M^S;R^n550nm#5ffi-e. ^tV^*tL0.32nm (m^WcKmWir ^tAOGHz) M^^^ 
^0(DDFBl/-if- (LD) ;0^^>^^$tvfc3g^3fe«. ^tV^'tvM^=^>'hn-7 (PC) 

LNM;0^^tli;^$tvfc3fef*. EDFA (Erbium doped fiber amplifier) KXoXi^m^tl. 
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^mmj^^^/v^ (BPF) tcj;oT g ^Mcmytm^^m^i^tc^. vv^^^^ 

[0164] :L(D^^y</]^:^mmm-i. ^(DXmz.XoX^^'C:h^o 

K. Igarashi#„ "Wideband-tunable highly pure 40 GHz picosecond soliton train 
generation by short comb-like profiled fiber", CLEO2004, paper CFC2, San 
Francisco, CA, U.S.A., May 2004. 

[0165] ^!^^</v::^mm^(Dmtimtmm'r^^</i^:^t^^v7imi<Lmx\ m'oMLmmm 

^540GHz, mtl'^iU'^^^^lpsXh'O. ^M^^sechmB:<^^</^:^^^\Xh^o 

[0167] iy^^u—iy3:ytM^(D^i^h^tli^^^^^X. m23iz.^^m;f]^</v::^(D::^^^h/^ 

fz.fdi.m23 (a) {^^[ftv'^^i/— v'3>'*gm. 11123 (b) i^mmw^^^iTo 
[0168] ■§^fc^^mti^</^:^<D^<^v:;^m imti ^mm) t-ov ^rai^fs. 

fcfci^M^mn. AtJimrps. mk^nt\.x^ r a~^=r2. \ ^^y)nhf\.^m.x 

ffv\ mti^mM^m^\i\\^fd^(Dx^:6o 

[1^8] 
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m^m [ps] 


^mnwm [psi 


M^iW. [ps] 




7 


7, 2 0 


7. 0 6 




3. 3 3 


3. 4 4 


3. 2 4 




1. 5 9 


1. 5 9 


1.49 




0. 7 5 6 


0. 7 6 6 


0. 7 6 7 




0. 3 6 0 


0. 3 6 7 


0. 3 7 5 



[0169] m23tm24^^h. mm^^tiy^::^u—iy3>^^7i^x\^^m&'^—m^x\^^^o 

[0170] —i3^ g m;^^^/^^(-ov iy^^}^-~^^Bi^'^^\z.n\^xmm^^(D:y^^ 
[0171] ^(DWMu. x^t^Ku^ m^(^^mi)^^^o 

m^'^-mmx-^^.mmm^wm-^^txmmmm-^fi^^h^U'&x^tio 
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[0172] 7:kK. )^m^A±im{c^<7u::^icmn^tifz.m'^t. m^^(D^</^::^m^m-^^4^ 

[0173] E|24-ef*. jgMNFF^^-12.5psd^^l2.5ps(D^ffl^LT. #^m;t>^^Vv;^(D g B>fB 

45H^-30ps^^^>30ps*-ej£ifYc^^(Z)#^t±i;^i/-?/v;^(7) g affip^ff^^, 

[0174] o, ^xm5ps(Dt^\c i B+sK«^(Dt:°-^;5s#i^b. ^mi^m 

[0175] ^0^^5^^V5/^(Z)J^H«. ii>!.T(^J;5t-#X.f:>tLSo 

[0176] —:f7. :^mm(D^</^:^)^mm^^ox^</v::^(Dm^}±wir^m^. mti^</i^:^(D 
mmiy^=^^-iy3i^x^</v::^mm^^^m;b^</i^y^^$]'Wv±m. mmmK^nr 
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[1^9] 





> h 


mmmmm 


At) 


67.88 


311.5 




69.43 


102.3 




70.30 
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